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EFFECTS OF REGURGITATION AND REFLEX BLEEDING ON
MORTALITY IN WESTERN BUDWORM {CHORISTONEURA
OCCIDENTALIS) TREATED WITH LANNATE
0%

JEAN M. LANG

Pacific "suthwest Forest and Range Experiment Station Forest Service, US. Depanment of
Agricutture, Derkeley, Calif, 94301, U.S.A.

Larvae of the western budwormy, Chorlstuncura vecidentalis, displayed symptoms of hyper-
acivity, regurgitation, and reflex bleeding after (opical application of 0.4 g per 100 mg
body weight of Lannated (S>mcthyl Ne(imethylearbamoyl) ony] thivacetimidate), When the
larvae were kept in continers with non-atworbient surfaces, the cjected hemolymph and
regurghuted fluids enveloped the tarvac and mostulity incressed. The greater time reguired
fur the diying or clotting of ejected finfds in closed containers appesred relnted Lo the
higher morntatity which also oceutred in closed containers, Eluorescent trucer methods were
used {0 show that ejected Muids did not readily pencirate the trachenal system. However, when
spiracles and cuticles of lirvae were cavered by e efecied Mulds, buth €O, production and
0, cunsumpiion ratey decreased below notinal during prostratdon, When prostrate larvae were
on an absorbent surface, respleation rates were well above normal,

The [lirst visual symptoms of Luunote poisoning in topically-treated weslern
budworm latvae (Choristoneura occldentalls Freeman) are hyperactivity, regur-
gitation, and bleeding. The byperactive state is followed by prostrution und eventunl
recovery or death, This behavior is also characterislic of healthy jorvue subjected
to n physical stimulus, such us crowding. If the disturbance is miomentary, the
budworm larvue will re-ingest the segurgitated (luid. But if the distutbance is
continued, the prolonged hyperactivity often leads to a ruplure of the integument of
the prothorux from whick hemolymph is expelled. This may be a form of reflex
bleeding, n defense mechanism of some insects described by Wicglesworth (1965).

The regurgliation and reflex Lleeding responses of western budwornt larvae lo
insecticide poisoning are not atypical. Beard (1958) observed regurgitation after
larvue of Galleria mellonella (L.) were injected with DDT. He found that regur.
gltation wus caused by DIDTinduced spasms of the gut and that larvae that were
covered with regurgitated fluids became rigidly prostrute and died if not washed
with water shortly thercafter. Chadbourne and Rainwater (1953) reported that
Heltothis armigera (Hbn) became wet with liquid from the mouth, anus, and
integument when treated with DDT and dicldrin,

Jochum (1956) suggested thut the high loss of water resulting from reflex spitting
and bleeding of organophosphute.poisoncd Bombyx larvac was n means of in-
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creasing mctabolism. ‘This condition ennbled the Insect to move rapldly and act
delensively.

The DuPont carbamate Lunnate® (S-methyl N-{(methylearbamoyl) oxy] thioe
neetimidate) can produce the intoxication sysmptoms i 95% of the treated bud-
worm laevae ut o dosage of 0.6 pg per 100 mg body weight, Only 40%5 of these
larvue die, the survivors usually recovering within 24 hours,

However, the mortality mte could be Iereused to 8856 by removing the filter
paper lning of the test contuiners, ‘Ihis suggested that in the absence of absorbing
paper, the ¢jected fluids thut bathed the poisoned larvae inhibitl the exchange of
gases and hence nided toxicity,

The purpose of this study was to determine whether ejected fluids increased
budworin mortality by (1) penctrating the tracheal system, (2) covering the splracles
and cuticle to produce a suffocuting effect, or (3) spreading insecticide to more
sensitive areus of the body, Possible chemical alierations of the inscetielde in the
presence of hemolymph or regurgitated fluid were not studied,

MUTHODS AND MATERIALS

Sixth instar western budworm larvae were used In all experiments. The insects
were seured in the laboratory in plastic petrl dishes and fed a synthetic diet ne-
cording 10 the procedutes of Lyon and Fluke (1965). All treatments were conducted
in 100 > 200 mm plostic petri dishes with or without 9.0 em Whatman No. [
filter pupers lining the boltoms of the dishes. Paper-lined dishes were considered
absorbent; unlined dishes were considered non-absorbent.

Topical upplication of Lunnate in acetone was made with o microburct syringe
82 manufactured by Micro-Metrle Instrument Company, A dosage of 04 py per
100 mg body weight was applicd to the dorsal thorax of the larvae. The larvae,
welghed to the nearest milligram, had a mean weight of 150 mg. Total arval mor-
tality was recorded 7 days after insecticide treatment.

‘To determine the volume of hemolymph and regurgitated {luids cjected by
intoxicated larvue, 26 lacvae were weighed, placed in separate containers, and
treated with Lannate, An hour after treatment the insects were again weighed anid
the resulting fluid loss determined in milligrams,

To compure the clotting times of budworm lemolymph in closed and open
containers, 25 pl hemtolymph samples were deawn from healthy larvae and spread
aver # 283 mm® area (the arca of a penny) in plnstic petei dishes with and without
covers. The spots of hemolymph were periodically touched with a dissecting needle
to determing if they had dricd. _

Trucheal penctration in treated larvac wus observed with the aid of the water-
soluble fluorescent dye pyrene trisodium sulfonate (3-hydroxy-5,8.10-trisodium
sulfonate), which dissolved readily in ejected fluids, Twenty-six Iarvac were treated
with Lannate and placed in non-absorbent dishes that hud been dusted with the
fluorescent dye. ‘The larvae were dissected under ultra-violet light 1 (o 2 hours after
treatment and their tracheae were observed.
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The oxygen uptake of Lannutestreated larvae was determined with o Gilson
respirometer. The treated farvae were placed in onc.armed reaction vessels in a
water bath mainwined at 25¢ C, A filter paper wick placed in the center well and
souked in 0.20 ml of 106 KOH served as COy absorbent, Resplrometer readings
were tuken bt § min intervals for 2 hours afler treatment

Carbon dioside production of Lunnate-reated larvae was determined with o
Becknunn Infrared CO» Analyzer. ‘The oxygen supply for the system was passed
through two CO, traps. The fiest trap contained waler acidified with HCHL which
humidifisd the inseet holding chamber, ‘The second trap contained 1056 putassivm
hydroxide. which removed remaining COy from the oxygen before it passed
through the insect holding chumber, The holding chamber consisted of a length of
wygon tubing plugged with glass wool at botl ends, A strip of filter puper was
inserted into the holding chamber to absorb insect fluids, Before entering the COy
analyzer, the air flowing from the inseet chamber was debumidificd by passing it
through o column of magnesium perchlorate and Dricrite® (80--100 mesh). A
bascline wus established by passing pure uxygen through the system for 10—15 min
before the larvae were introduced. The Taevae were placed in the holding chamber
and theit nonnat CO. production measured for 30 min, Then he larvae were
tremed topically with Lunnate by introducing a hypodermic needle through the
tygon (ubing. "The transparency of the tuving permitted visuul obsesvations to be
correlated with graphic revordings. Olservations were made from time of treatment
until 60 min after Jarvae became prostrate. “The carbon dioxide production rates of
larvae bathed with injected fluids and larvae held on sbsorbent paper were
measured. C '

RESULTS

“The mean weight loss of hemolymph and reguegitated flulds cjecied by Lunnates
treated larvae was 52 mg or a fluid Joss of approximately 52 gl ‘The mean fluid
loss mnounted to 35% of the mean larval weight of 143 mg. Twenty-one of the
24 lJarvae cjected both hemolymph and gut fluid.

Hoth hiemolymph (ptl 7) and regurgitated fluid (pt{ 9—10) are able to wet the
lipuphilic cuticle of the farvae, In the absence of an insecticide, cjected fluids nlune
produced mortality among Jasvae crowded inlo closed, non-ubsorbing containers.
In onc case, the hyperactivity and cjection of body fluids by 63 larvae crowded
into a small container caused 87% mortality. In n similar cuse, 38% mortality
accurred antong 36 larvae. The effect that an absorbent substrate has on mortality
is shown in larval mortality counts made on the seventh duy after Lantale ap-
plication (Table 1). In covered, non-absotbent containers where minimal evae
poration weeurred, mortality was highest. In open. non-absorbent containers wlicre
increased evaporation occursed, morlality was moderate. Mortality was lowest in
covered containers in which all ejected fuids were absorbed by filter puper.

‘The clotting time of budwortn hemolymph uppeared to be affected by exposute
to air. Fifteen samples of hemolymph in cpen dishes dricd three times fuster than
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TANLL ¢
Movality ay at funcilon of absorhent sarfoce and evaporation

T Day Towd Monaliy

Treatment Container "Type | ETTTUJ T Inseets Montality
Trented Dead (ct)
(No)) {No)
Nome Comrol; Ken-Alworbent,
Clsed Disly 75 1 n
Lannate®* Alworbent,
Closed Dish 0 12 Pl
" Non-Absothent,
Closed Dish i 40 0]
" Naon-Absarbeat,
Open Dish fu n 44

S g/ 0 mg body w,

an equal number of samples in closed dishes, Nemolymph in closed dishes required
an average of 122 min 1o dey, while bemolymph in open dishes dried in an avernge
of 46 min,

Regurgitated fluid and Hemolymph penetrated only slightly into the tracheal
system of budworm lurvae, Sinteen larvie showed no penctration and nine showed
fluorescent fluid in one or two trachea. Before disseeting the larvae, it was observed
ander the ubteaviolet light that 28 of the 25 Lannate-treated Jarvae had )4—18
spiracles covered with cjected fluid and three Jarvae had 8—11 spiracles covered.

Apparently, the wet, cjected fluids con block the spiracular opening without
actually pencteating the tracheal systens. Filtcen larvae, prostrate because of crowd-
ing, regained normal netivity after ¢jected fluids had been rinsed Crom their bodies.
When 20 budworm Jarvae were momentarily anesthetized with CO, and all their
spiracles were covered with drops of Elmer's glue, all of the larvac were inactive
umil the glue dried, However, the hardening glue temded to separate from the
cuticle, and 16 of the larvae regnined normal uctivity, The glue ndhered well to four
of the hrvie, and these insects subsequemtly became moribund. 1t was observed that
hemolympli behaved in a similar manner, As it clotted or dried on prosirate lavvac,
it no fonger whered to the body but formed a thin lacquer-like film which cracked
and separated from the cuticle,

‘The cffect of cjected fluids on axygen uptake of Lunnate-treated larvae is shown
in Fig. 1. Three flusks wete used pee test. One flosk held an untreated larva on o
glass surfuce, The second held a treated Jarva on a glass surface, and the third held
u treated lagrva on a surface covered with shredded absorbent paper, From 10 to 15
min lapsed between treatment and placement of inscets in the respirometer. This
lupse was followed by a 10-min interval of temperature and pressure adjustment.
Conscquently, all respirometer ceadings began 30 min after treatment. Light re-
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fraction by (he water bath made it difficult to correlate respiration recordings with
insect activity, However, 20 obscevations outside the respirometer showed that the
turvne become prostrate, on an average, 33 min alter trentment, Therefore, these
respiratory data were obtained during prostration,

Inn the first 45 min of prostration, the tarvas treated on absorbent susfaces showed
an increasing respiration rate. Thercafter, oxygen constmption continued st u Cairly
constant rate that was about 74% higher than the respiration rate of control larvae,
The respiration rate of laevae treated on non.absorbent surfaces and bathed In
cjected flulds showed o considetable steady dectease during the first 30 min of
prostrativn, However during the following 60 min, respiration dropped more grae
dually und oxygen consumption was approximately 5865 below that of control
larvae.

Fifteen larvae to be observed for COy production were kept in the test chambers
for 30 min before treatment to establish control respiration rates. Fig. 2 shows
the average CO, production of these 15 larvae from time of tecatment until 60 min

Time in minutes

.. Fig. 2. ~~C0, production of Lunnate-poisoncd larvae on obsorbent and non-absorbent
~ surfaces. (A) Time Lannate applied, {B) Beginning of hyperactivity, (C) Onset of prostration.
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after prostration, “The larvae that were on o non-absorbent siface ecame hypere
active an wverage of 12 min after treatment and remained hiyperactive for an avetage
of 12 min, The maximum CO, production, approximately 565 above control,
occurred duting \he hyperactive sage, Frostration began an aseruge of 6 min
ufter maximum CO, production. After an houre of prostration, the continuounsly
tleereusing CO, production was 2465 below the control rate. Hyperactivity in Jarvae
maintained on an absorbent surfuce bogan an average of 18 min after treatment and
contintted for upproximately 30 min. The maximum CO, production was 8578
above the control rate. Prostration oceurred within an average of & min alter
maximum CO, production, Though it gradunily deereas« . the CO. production
tate during prostration remalned well above the conirol rote,

The absorbent paper was retoved from the holding chambers ufter 3 Lannate.
teeated larviie had been prosirate for 18 min. While on the absorbent paper, their
wverage rate of CO, production during prostration was (8% above the control
rate. After the absorbent paper was removed, regurgiiuted fluid and hemolyniph
drawn from healthy lurvae were injected Into the holding chambers. Within 30 min.
the CO, production rate of the prostrate larvae had decreased 4776 below the
control fate.

Dissections of prostrate larvae bathed in cjected fluids containing fuorescent
dye showed thut 80% of these larvae resingested some of the gjected body fluids.
Because Fannate is water-soluble, it was possible that the Lannate applied to the
cuticle dissalved in ejected botly fluids and was Ingested. To determine if cjectedd
fluids were enabling topically applicd Lannote to reach the stomach, 60 larvae were
rinsed with water 10 min after being topica®’y treated with Lannate, The purpose of
the rinse was to remove exeess Lannate frony the cuticle, Hulf of the treated lurvae
were placed in absorbent dishes and the other half were pliced in non-absorbent
dishes. As expected, mortality among the rinsed larvae dropped. However, their
mottality on non-absorbent surfaces was still 3650 higher than that of larvae held
on an absorbent surfuce (Table 11). Although stomach toxicity muy be a factor in
increased mortality, the higher mortality of the farvac on absorbent paper is more
likely to be due to the suffocating cffect of the fluids,

To determine whether hemolymph and regurgitated fluids enhanced toxicity by
spreading Latinale to susceptible sites, 50 larvae were treated with Lannate in small

TALLE 1L

Z-day cunnudapive morrality of Lannate-tecated forvae rinsed and nwt einsed with water
10 min after treatiment

% Mortality

Dosage of Lunnate With paper Without
paper
0.4 u8/100 mg body weight — Not rinsed 24 1]

04 12/100 mg body weight ~— Rinsed 10 46
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Jrops distributed over the body, Mottality among this group was 1855 by the 7th
day. Maortality was 244 in a group of 50 kirnvae trewted on their thorsees with one
large drop.

DISCLSSION

Penetration of ejected flulds into the tracheal system did not appear to be the
cause of increased mortality among Tarvae on nonsabsorbent surfaces, Studies with
fluosescent dye showed that bedy Tluids seklom penetrated beyomd the spiracles
and fnto the tracheal system even though floids ¢overed the spiraculer openings
and the cuticle. Application of Lannate in nwmerous snradl drops suggested that
cjected [ulds did not enhance larval mortality by bringing Lannate into contuct
with more “sensitive® arcas of the body, Nor did incidental ingestion of Lannate
dissolved in ejected fluids appenr to be w major factor in increased mortality,
Moreover, mortality was observed in the ubsence of any insecticide when crowded.
hyperactive lurvue became cnveloped in their own cfected body fluids.

However, u relationship between mortality and the dreying time of ejected fluids
was supgested by the decreased mortality of lurvae treated in open dishes and by
the ubservation that hemolymph deled three times fuster in an open dish than in a
closed dish, Mortality decreased when hemolymph, like white glue, dried and
pulled awny from the cuticle,

Lannate induced in western budworm larvae high respiration rates which reached
their peaks during hyperactivity, Though Ingram (1955) found no respiration in-
crease In house [lies kiocked down by pyrethrins, Lond (1949) found inereased
oxygen uplake in Qrvzaephilus surinamensis (L) poisoned with DDT. Jochum
(1956) showed 1thast increased respiration in DDT-poisoncd adult Leprinotarsu
decemiineate Sny accompanied the hyperactive stage, Jochum suggested that the
increased metabolism ussociated with high respiration tate was 0 means of compen-
sating for water luss by producing water of metabolism. Gostick (1961) reportel
that oxygen uptake increased in adult Alphitobins leevigatiis F. when treated with
malathion, DD, dieldrin, y-BHC, allethrin, and DNBP and reached its peak at or
hefore the time of knock-down. Peak respirution in western buriworm larvae was
reached before the onset of prostration, 1rostrate Inrvae kept on absurbent surfuces
exhibited high but very gradually decrensing respiration rates, Larvae kept on non-
absorbent surfaces showed an immediate and continuous decrease in respiration
after they had become prostrate.

Ejected fluids apparently formed an envelope around the larvae und physically
Llocked spirncular and cuticular respiration. By inhibiting the higher rates of
respiration that normally oceur during prostration, cjected fluids appeared to en-
hance the toxicity of Lannate. Respiration cxperiments were not carried out on
aver-crowded larvae. 1t is possible, however, that the stress of crowding could
produce a high respirtion rate which might be severely inhibited by the presence
of cjected fluids. Such inhibition could be a cause of death among crowded larvac,
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SUSAMMUEINTASSUNG

WIRKUNG VvON ERBRECHEN UND REFLENBLUTEN AUF DIE STERBLICHKEIT
DES WESTLICHEN KNOSPENIVICKLERS (CHOKISTONEURA OCCIDENTALILS)
NACH REHANDLUNG SHIE LANNATE

Die Roupen des Westlichen Knospenwicklers, Chorlstonenra occhdentalls Freeman, zeigien
nach Yrtiicher Behaudlung mit 04 ;g pro 100 mg KOrpergewicht Lavnate® {S:methyl-N-
[tmcthyleatbamay 1) oxs ) thloacetimidat) Symprome von Obererregung. Etbrechen und Refles-
bluten, Wurden die Lorven in Behilltetn mit nichtabsorbietenden Obwesflifchen gehalien, so be.
dechien die nusgetzetene Himolymphe und dic erbeochenen Flilssigheiten die Larven und er-
hihen die Swerblichhelt, Die lingere Zeit, dic zum Trocknen eder Gerinnen der abgegebenen
Flduigkeilen in geschlosener Behllern etfurderlich war, schien in Bezichung 2u der
hitheren Sterblichhelt zu sishen, die zuglekch In geschlssenen Behliiern aulirat. Fluoreszenss
NachweivMottuxlen wurden benutzt, um 2u zelgen, daB die ausgeschicdenen Fhisaslghelten
plcht leieht in das Tiacheensystemt eindringen. Wenn jedoch die Stignien und die Kutikula
der Raupen mit den abgesondetien Fllssighellen verschmiert waren, sanken sowohl die CO,-
Froduktion wie dle Sauemtoffverbrauchsraten unter das withread der Hehinadlung normate
Nivear. Wenn behandelie Larven auf ciner absorbierenden Untetlage gehalten wurden, waren
dic KRespliationsraten gut libernormal,
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